Tetrameric and octameric lactate dehydrogenase from the hyperthermophilic bacterium Thermotoga maritima. Structure and stability of the two active forms.
Lactate dehydrogenase from the hyperthermophilic bacterium Thermotoga maritima has been functionally expressed in Escherichia coli. As shown by gel-permeation chromatography, dynamic light scattering, and ultracentrifugation, the recombinant protein forms homotetrameric and homooctameric assemblies with identical spectral properties and a common subunit molecular mass (35 kDa). Dynamic light scattering and sedimentation equilibrium experiments proved that both species are monodisperse, thus excluding their interconversion in the given ranges of concentration (0.02-50 mg/ml) and temperature (20-80 degrees C). Rechromatography confirms this finding: the octamer does not dissociate at low enzyme concentrations, nor do tetramers dimerize at the given upper limit of concentration. Renaturation of pure tetramers or octamers after preceding guanidine denaturation leads to redistribution of the two species; increased temperature favors octamer formation. Thermal analysis and denaturation by chaotropic agents do not allow the free energies of stabilization of the two forms to be quantified, because heat coagulation and kinetic partitioning between reconstitution and aggregation causes irreversible side reactions. Guanidine denaturation of the octamer leads to a highly cooperative dissociation to tetramers which subsequently dissociate and unfold to yield metastable dimers and, finally, fully unfolded monomers. Evidently, there is no tight coupling of the two tetramers within the stable octameric quaternary structure. Electron microscopy clearly corroborates this conclusion: image processing shows that the dumb-bell-shaped octamer is made up of two tetramers connected via surface contacts without significant changes in the dimensions of the constituent parts.